Here we apply this novel experimental strategy to obtain direct images of a series of representational intermediates in an intact neural network, the antennal lobe of the fruit fly, Drosophila melanogaster. Our experiSummary ments rely on the capacity of natural odors to activate physiologically relevant neural ensembles in this senThree classes of neurons form synapses in the antensory network and take advantage of the lobe's small nal lobe of Drosophila, the insect counterpart of the scale and our ability to discern its principal neuronal vertebrate olfactory bulb: olfactory receptor neurons, elements genetically. We visualize odor-specific ensemprojection neurons, and inhibitory local interneurons.
the promoter/enhancer element of GAD1, the gene encoding the key enzyme in GABA biosynthesis, glutamic Genetic control over the expression of synapto-pHluorin permitted us to distinguish the activities of the three acid decarboxylase (Jackson et al., 1990; Buchner, 1991) . Gad1-positive cell bodies occupied several cirprincipal classes of neurons-ORNs, PNs, and LNsinterleaved in the glomerular neuropil. Flies carrying a cumscribed regions in the central nervous system, including the cortices of the antennal lobes (Jackson et Gal4-responsive (Brand and Perrimon, 1993) UAS-synapto-pHluorin (UAS-spH) transgene were generated and al., 1990) ( Figure 1C) , where LN and PN somata reside (Stocker, 1994) , but spared antennae and maxillary crossed with driver lines that provided the transcription factor Gal4 in spatially restricted patterns that marked palps (results not shown). Despite the anatomical proximity of their cell bodies, PNs and LNs were genetically ORNs, PNs, and LNs as selectively and comprehensively as we could achieve. Where labeling was partial (i.e., in distinct (compare Figures 1C and 1D) . When synapto-pHluorin was expressed under the the cases of ORNs and PNs; see below), the possibility control of OR83b-GAL4, GH146-GAL4, and GAD1-GAL4, the protein appeared in the known synaptic target fields of ORNs, PNs, and LNs, respectively (Figures 1E, 1F, and 1G). Or83b-expressing ORNs projected axons to 29 of the 43 glomeruli in the antennal lobe, where their synaptic terminals clustered in thick shells surrounding the glomerular cores ( Figure 1E ). PNs formed extensive three-dimensional lattices of synaptic contacts in the mushroom body and the lateral protocerebrum ( Figure 2C ), with only a few glomeruli responding to each test fragrance, but become highly combinatorial as the concentration of odorous ligand increases. At the highest concentrations used in our experiments, the probability of any given odor to elicit an ORN or PN response in any given glomerulus approximates 0.7 ( Figure 2C) ; the average response probability, determined over a concentration range spanning 6 orders of magnitude, is 0.38 for Figures 4 and 6A) , suggesting a diverthese key inputs will not carry useful information about the stimulus but simply add noise to a sparse represengence of LN connections from source to target glomeruli. Some glomeruli are found during each odor presentation. In this case, lateral inhibition might restore the representation to its intended sparseness, and elevate tation that lack direct ORN input but nevertheless show inhibitory LN activity ( Figure 6A ; e.g., glomeruli DC1, contrast by eliminating noise.
Information is transmitted not only vertically across VA2, and VA5 during the presentation of apple in Figure  4 ). These terminal "leaves" on the graph of active inhibithe glomerular relay between ORNs and PNs, but also horizontally through inhibitory LN connections that are tory connections provide the most direct functional examples of interglomerular LN interactions. Numerous activated in odor-specific patterns ( Figures 4C, 6B, 
